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SUMMARY 



Measurements were made in the NACA full-scale tunnel 
of the pressure distribution over she horizontal tail 
surface of a typical pursuit airplane in order to deter- 
mine the effects of propeller operation and angle of yaw 
on the tail load distribution. Most of the tests were 
made with the propeller operating to simulate climb con- 
ditions, high-speed dives, and pull-ups to various normal 
accelerations for angles of yaw ranging from 10° to -10°. 
Measurements were also made of the distributions of down- 
wash angle and dynamic pressure in front of the horizontal 
tail and the results have been correlated with the re- 
sults of the pressure-distribution tests. 

From the results of the tests, it appears that the 
most severe asymmetrical loading condition for the hori- 
zontal tail will occur during a pull-up from high speed 
when appreciable yaw may be developed. It is shown that 
the angle of yaw is the most important factor contributing 
to the magnitude of the tail-load asymmetry. The magni- 
tude of the tail-load asymmetry for unaccelerated, unyawed 
flight at low speeds and high propeller torque coeffi- 
cients was sufficiently small to be of little importance. 
The difference in the normal-force coefficients on the 
tv/o sides of the horizontal tail surface was dependent 
only on the angle of yaw and the power condition and was 
essentially independent of the elevator setting or the 
magnitude of the tail load. 



INTRODUCTION 



Numerous structural failures of the 
military aircraft have recently occurred, 



tail surfaces of 
especially in 
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dives. One of the factors contributing to these fail- 
ures is the asymmetric tail loading that occurs as a re- 
sult of slipstream rotation and airplane yaw. It has 
been suspected that under certain conditions this asym- 
metric loading may cause bending moments on the tail 
which are in excess of those calculated by current design 
or iter ions. Tests were accordingly conducted in the 
NACA full-scale tunnel to determine the distribution of 
the load on the horizontal tail surface of a typical pur- 
suit airplane under conditions simulating actual flight. 

The tests included pressure measurements over the 
horizontal tail of the P-40K airplane and air-flow sur- 
veys ?.n front of the tail for various angles of attack 
and angles of yaw. Most of the tests were made with 
the propeller operating at coefficients simulating rated 
power at an altitude of 10,000 feet for conditions of 
both steady and accelerated flight. In addition, some 
tests were run with the propeller removed to determine 
the effects of propeller operation. A few force tests 
were made to determine the variation of the lift with 
the angle of attack of the airplane. 

The data presentr-d in this report are quantitative 
for the P-40E airplane only; it is believed, however, 
that the results should, provide a basis for a qualita- 
tive evaluation of the effects of power and of yaw on 
the t°.il-load asymmetry of reasonably similar airplanes. 
It should also be pointed out that, inasmuch as the 
tests were conducted at low speeds and with relatively 
lew tail-surface loads, the effects of Math number and 
of elastic deformation are not included in these results. 



SYMBOLS 




tail normal-force coefficient 





section normal-force coefficient 
/tail section normal force \ 




Q c torque coefficient (o/pV 0 2 D 3 J 

T c thrust coefficient ( "effective thrust \ 

\ pV 0 2 D* / 

L airplane lift 

N tail normal force 

AN difference in normal force on left and right 

tail surfaces (Nt, - 

n airplane load factor, also propeller rotational 

speed 

Q propeller torque 

P pressure coefficient (Ap/q Q ^ 

Ap difference in lecal static pressure between upper 

and lower surfaces of tail 



s w 


wing area 




St 


horizontal -tail area, 


not including fuselage 




tail chord 




D 


propeller diameter 




X 


lateral distance along 


tail span measured from 



fuselage center line 
q dynamic pressure 

V velocity 

V/nD propeller advance-diameter ratio 
p mass density of air 

H altitude, feet 

a T angle of attack of thrust axis relative to free- 

stream direction, degrees 

\fr angle of yaw, degrees; positive with left wing 

f orward 
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c dowrwash angle , decrees 

Ae difference between downwash angles over right and 

left tail surfaces (c R - € L ) 

i t angle of stabilizer setting with respect to 

thrust axis, degrees; positive with trailing 
edge down 

6 control-surface deflection, degrees; positive 

with trailing edge down 

p propeller blade angle at 0.75 radius, degrees 

Subscripts : 

o free stream 

t horizontal tail surface 

e elevator 

R right side of horizontal tail 

L left side of horizontal tail 

av average 



METHODS AND TESTS 



The tests were conducted on the Curtiss P-40K, which 
is a low-wing pursuit airplane weighing 7740 pounds and 
equipped with a V-1710-F4R Allison engine rated at 
1000 horsepower at an altitude of 10,800 feet. A three- 
view drawing showing the principal dimensions of the air- 
plane is given in figure 1 and a photograph of the air- 
plane mounted in the NACA full-scale tunnel is given as 
figure 2. 

For the pressure measurements, flush-type orifices 
were installed in the upper and lower surfaces of the 
horizontal tail at 12 chordwise stations symmetrically 
located across the span. The location and identifica- 
tion of the orifices are given in table I and in fig- 
ure 3. The cellular construction of the tail surfaces 
prevented the installation of pressure orifices very 
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near the leading edge. In order to overcome this defi- 
ciency a method based on theoretical calculations, which 
will be described under "Results and Discussion/* was 
used to obtain the pressure peaks at the leading edge of 

cvj the tail. 

cvj 

i 

A The air-flow surveys consisted of do v/nwash- angle 

and dynamic-pressure measurements in a vertical plane 
located 3.8 feet (average tail chord) ahead of the 
leading edge of the root section of the horizontal tail* 
A rake cf 14 steel survey tubes, each capable of meas- 
uring the local downwash and sidewash angles and the 
local dynamic pressure^ was used for these measurements. 
The horizontal tail surface was in place for all the 
air-flow measurements. 

All the tests v/ere made at a tunnel airspeed of 
approximately 85 miles per hour. The propeller blade 
angle, for the power-on tests, was set at 35° at the 
0.75 radius and was held constant. By choosing this 
particular blade angle, it was possible to reproduce 
in the tunnel the torque coefficient of the constant- 
speed propeller exactly for all lift coefficients and, 
in addition, very nearly to reproduce the thrust coef- 
ficient. Figure 4 shows the variation of blade angle 
and v/nD with lift coefficient and figure 5 shows 
the variation of Q, c and T c with lift coefficient 
for the constant-speed propeller and for the propeller 
operating at constant blade angle. The variation of 
lift coefficient with angle of attack of the airplane 
with the propeller removed and with the propeller 
operating at rated power at an altitude of 10,000 feet 
is shown in figure 6. 

A summary of the complete test program is given 
in table IT. The tests with the propeller operating 
v/ere made to simulate both level-flight conditions and 
pull-ups to various normal accelerations of the air- 
plane. The maneuvers that were reproduced are given 
in the last column of table II in terms of airplane 
load factor. For the level-flight conditions 
(n = 1.00), the elevator angles were set for trim ac- 
cording to the results of unpublished flight-test 
data. For the accelerated-flight conditions, tests 
were made at two or three elevator angles in order to 
bracket the probable elevator deflection required to 
pull up to the normal acceleration listed. The yaw- 
angle range (\J/ = ±10°) was chosen to bracket the 
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maximum angle of yaw likely to be encountered in the 
maneuvers being considered. 



RESULTS AND DISCUSSION 



Chordwise pressure distributions The pressure 
measurements were first plotted along the various chord 
lines of the horizontal tail surface to obtain the 
chordwise distribution of the tail load. Inasmuch as 
there were no orifices very near the leading edge of 
the tail, the following method was used to estimate the 
leading-edge pressure peaks: The theory of reference 1 
shows that for a symmetrical airfoil a point on the 
chordwise distribution curve bears the same relationship 
to any other point regardless of the lift supplied by 
the section, provided that the surface has not stalled. 
The leading-edge pressure peaks were estimated by a 
direct comparison of that portion of the measured dis- 
tribution near the leading edge with the corresponding 
part of the theoretical curve* For all these tests, 
the elevator settings were sufficiently small that the 
effect of deflecting the elevator on the leading-edge 
pressure peaks could be neglected (reference 2) . 

A few typical chordwise pressure distributions over 
the tail of the P-40K airplane are shown in the isometric 
charts of figures 7 to 13. Included in each of these 
figures are the corresponding distributions of. section 
normal-force coefficient across the tail span that were 
obtained by integrating the chordwise pressure distri- 
butions. The effects of the slipstream rotation and 
the angle of yaw on the distribution of the tail load 
are included in these figures. Comparison of fig- 
ures 7 and 9 shows the effect of the slipstream rotation 
on the tail load distribution at a low value of 

and Q c ; the effect of the slipstream rotation at a high 
value of Cl and Q, c may be obtained by comparing 
figures 8 and 10. At a low value of Q c , which corre- 
sponds to a high-speed or dive condition, the effect of 
propeller operation on the distribution of section 
normal-force coefficient is small. At the high value 
of Q c (low-speed climb), propeller operation resulted 

in a large increase in the normal-force coefficient on 
the left side of the tail and a correspondingly large 
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decrease in the normal-force coefficient on the right 
side of the tail. The effect of angle of yaw on the 
tail load distribution is shown in figures 10 to 13 for 
a lift coefficient of 0,820 with rated power applied. 

£j The asymmetries in the tall load distribution due to 

c\J yaw, even at \\i - 5°, are very large. 

Spanw.1se distributions of normal-force coefficient ,- 
Curves showing the spanwise distribution of section 
normal-force coefficient are given in figures 14 to 20. 
Span load distributions, with the propeller removed, at 
three angles of yaw (ty = 0°, 5°, and 10°) are shown in 
figures 14 to 16. These tests were made to determine 
the effects of yaw on the distribution of tail load and 
to serve as a basis for determining the effects of pro- 
peller operation. With the propeller removed and 
i|f = 0°, the load on the left side of the tail was 
higher than the load on the right side of the tail. 
This asymmetry is essentially independent of the angle 
of attack of the airplane and is probably due to differ- 
ences in the airplane on the two sides of the plane of 
symmetry and also to a side -flow component of the wind- 
tunnel air stream. 

Span load distributions with the propeller operating 
at rated power at an altitude of 10,000 feet are shown 
in figures 17 to 20 for four angles of yaw (\|/ = 0°, 5°, 
10°, and -10°) and include lift 'coefficients bracketing 
an airplane velocity range from 150 to 550 miles per 
hour. The elevator angles for these tests were set for 
trim at the corresponding lift coefficient for unaccel- 
erated flight. The small variation with the airplane 
lift coefficient of the elevator angle required for trim 
is due to the low degree of longitudinal stability of 
the airplane. It is very evident from the figures that 
large changes in the distribution of normal-force coef- 
ficient along the tail span result from both propeller 
operation and angle of yaw. 

The distribution of the load on the horizontal tail 
surface under conditions simulating a typical pull-up 
from high speed, when - 0.820 and n « 9.0~ 

(V = 450 mph) , is given in figure 21. The results are 
given for two elevator settings (6 e = -1.0° and -5.0°) 

inasmuch as the exact elevator setting, for the maneuver 
was not known. Although the magnitude of the tail load 
was changed by elevator deflection, the distribution of 
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the load across the tail span remained substantially the 
same. In general, the effects of propeller operation 
and yaw on the tail load distribution for this case are 
similar to the effects measured for the unaccelerated- 
f light conditions . 

In order to estimate the magnitude of the tail loads 
and the asymmetry in the tail load resulting from pro- 
peller operation and yaw, average values for the tail 
normal-force coefficient have been computed for each 
side of the horizontal tail surface by integrating span- 
wise distributions of c^ct- The complete results of 
these calculations, which are based on free-stream 
dynamic pressure, are given in table III. It is pointed 
out that the maximum bending moment on the tail for a 
particular condition dees not depend on the magnitude 
of AC]] in all cases but depends on the distribution 
of the load across the horizontal-tail span. 

A j r-f low measurements . - Measurements were made of 
the downwash angles and the dynamic pressures in front 
of the tail in order to correlate the results of the tail 
pressure measurement s with the geometric pattern of the 
air flow in front of the tail. The tail surfaces were 
in place for the alp-flow measurements but, inasmuch as 
this report is primarily concerned with differences in 
the tail loads and the downwash angles on both sides of 
the plane of symmetry of the airplane, it is believed 
that the inclination of the air stream in front of the 
tail due to the presence of the tail will have little 
effect on the conclusions drawn from the results of 
these measurements. 

A few typical examples showing the variation of 
downwash angle axid dynamic pressure across the tail 
span together with the corresponding spanwise distribu- 
tion of normal-force coefficient are shown in figures 22 
to 28. The survey patterns for each of these condi- 
tions are shown in figures 29 to 35, which were plotted 
for the same test conditions as the chordwise pressure 
distributions shown in figures 7 to 13. The increase 
in downwash angle on the side of the tail behind the 
downgoing propeller blades and the corresponding de- 
crease in the downwash on the side of the upgoing pro- 
peller blades are evident from examination of figures 29 
to 35. Large changes in the downwash angles near the 
fuselage were measured when the airplane was yawed with 
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the propeller operating Comparison of figures 25 and 
28 shows the large Increase in the downwash angle on 
the left side of the horizontal tail near the fuselage 
o- due to yawing the airplane to -10°. For positive 

c\i angles of yaw, with the propeller operating, the down- 

^ wash angles on the right side of the tail near the 

fuselage are decreased and the downwash angles near the 
outboard section of the right side of the tail are in- 
creased from the values obtained at £ero yaw, (Compare 
figs. 25 to 27.) 

Explanation, 0 of the combined effects of the slip- 
stream and the yaw angle on the tail load distribution 
are very difficult owing to the complex nature of the 
slipstream, especially in yawed flight* Some sketches 
have been prepared (fig. 36) to show estimated slip- 
stream patterns for the various yaw conditions. It is 
known that the mean path of the slipstream in yawed 
flight will lie somewhere between the direction of the 
relative wind and the longitudinal axis of the airplane. 
Studies of the span load distributions and the air-flow 
measurements showed that for a first approximation this 
angle may be taken as one-half the angle of yaw. The 
combined effects of power and yaw appear to be critically 
dependent on the direction in which the airplane is 
yawed. As the airplane is yawed in a positive direc- 
tion (left wing forward), an increasingly greater per- 
centage of the right side of the tail (which is blanketed 
by the fuselage) will be immersed in the air stream af- 
fected by the upgoing propeller blades and the combined 
effects of power and yaw will tend to decrease the asym- 
metry of the tail load. As bhe airplane is yawed in a 
negative direction, an increasingly greater percentage 
of the blanketed side of the tail will be immersed in 
the air stream affected by the downgoing propeller 
blades and the combined effects of pov/er and yaw will 
tend to increase the asymmetry of the tail load. 

In order to aid in correlating the air-flow surveys 
with the pressure-distribution measurements, calcula- 
tions have been made to obtain the average downwash 
angle and the average dynamic-pressure ratio for each 
side of the tail. The values of ^q/q 0 j av have been 

weighted according to the spanwise variation of tail 
chord and the values of c av have been weighted ac- 
cording to the spanwise variation of tail chord and 
dynamic-pressure ratio by the formulas 
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'av 



q o/ av 



r 

Jo 



pt/2 



GC. 



dx 



The values of q/q 0 a nd e used for these calculations 

were taken at the intersection of the plane through the 
horizontal tail and the survey plane. The results for 
all the test conditions are given in table III together 
with the values of the average normal-force coefficients. 

Curves have been plotted (fig. 37) that show the 
variations in the differences of average downwash over 
the right and left tail surfaces with angle of yaw for 
various torque coefficients. The slope of the curve 
of Ac av against near zero yaw was about 0.8 for 

the propeller-reiroved condition. Propeller operation 
at various constant values of Q, c had little effect on 
this value. The difference in downwash on the two 
sides of the horizontal tail at zero yaw was about 6° 
greater with the propeller operating at Q, c = 0.036 

than with the propeller removed. 

An analysis has been nade to correlate the measured 
downwash asymmetry with the asymmetry in normal-force 
coefficient. Points plotted in figure 38 show the 
variations of AC Nav with Ac av for all the test con- 
ditions and a mean curve has been drawn through the test 
points. The values of &Gjj ay given in figure 37 are 

based on local dynamic pressure in order that any asym- 
metries due to the differences in dynamic pressure on 
both sides of the horizontal tail may be eliminated. 
The slope of the curve of ACtj av against Ae av , at 
Ac av tr 0°| is about 0.02 per degree. This value is 
of the order of magnitude that may be expected for a 
twisted wing having a low aspect ratio and acting in a 
uniform stream. 
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Tall- load, asymmetr y ♦ - Calculations have been made 
of the difference' between the load on the right and the 
left sides of the horizontal tail surface for the 
various test conditions. The variation of tail-load 
prj- asymmetry with angle of yaw is shown in figure 39 at 

^ three lift coefficients for the airplane with the pro- 

h3 peller removed. Figure 40 shows the tail-load asym- 

metry as a function of angle of yaw for various steady- 
flight lift coefficients of the airplane with the 
propeller operating. The data of figures 59 and 40 have 
been replotted in figure 41 to show separately the ef- 
fects of power and of vaw on the tail-load asymmetry. 
At C L s 0.066 (V - 550 mph at an altitude of 10,000 ft) 

and v £ 10°, the difference in the load on the right 
and left surfaces due only to yaw was 1000 pounds. 
Propeller operation corresponding to steady flight at 
this lift coefficient resulted in a tail* load asymmetry 
of -650 pounds. The net tail-load asymmetry for this 
condition was therefore 250 pounds. At the sane lift 
coefficient but \J/ = -10°, a net tail-load asymmetry 
of about -1400 pounds can be obtained by extrapolating 
the curve of figure 38 to V n -10°. The combined 
effects of power and of yaw, for right-hand propeller 
operation, are therefore more severe when the airplane 
is yawed in a negative direction than when the airplane 
is yawed in a positive direction. The magnitude of the 
tail-load asymmetry at the high lift coefficients for 
unaccelerated flight was sufficiently small to be of 
little consequence . 

The asymmetries in the tail load for various pull- 
up maneuvers are shown in figure 42. Inasmuch as the 
exact elevator deflections for the maneuvers were not 
known, the measurements were made for a range of ele- 
vator angle. The results show, however, that the 
asymmetry in the tai l load is primarily dependent on 
the power condition and the angle of yaw and is essen- 
tially independent of the elevator setting or the 
magnitude of the tail load. 

It appears that in actual flight the most important 
factor contributing to the magnitude of the tail-load 
asymmetry will be the angle of yaw or of sideslip devel- 
oped. At high values of Cl or low airplane velocities 
the tail loads will be small and the effects of power or 
yaw on the tail-load asymmetry will be of little conse- 
quence. At high velocities when the tail loads may 
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assume considerable proportions, the effects of propeller 
operation on the tail-load asymmetry will be small 
inasmuch as the propeller torque and thrust coefficients 
will be very low. The asymmetry due to yaw at high 
velocities, however, may be considerable, especially 
during pull-up maneuvers when large angles of sideslip 
may be developed. The sideslip developed by an air- 
plane during a high-speed pull-up is primarily due to 
the gyroscopic action of the propeller* As a typical 
example, during flight tests of the P-4C airplane 
(unpublished), the airplane yawed noticeably to the 
right in all pull-ups. Calculations showed that, when 
the propeller rotational speed was 1140 rpm, as in the 
cruising condition, a pitching velocity of 0.4 radian 
per second may result in a yawing moment of about 
5000 foot-pounds, which could be offset by a steady 
angle of sideslip of approximately 10° at a velocity of 
175 miles per hour. 



SUMMARY OF RESULTS 



The results of measurements made in the NACA full- 
scale tunnel on a typical pursuit airplane to determine 
the effects of propeller operation and angle of yaw on 
the tail load distribution showed the following: 

1. Large differences between the average downwash 
angles on the two sides of the horizontal tail surfaces 
as a result of propeller operation and yaw were measured. 
At zero yaw, the difference between the average downwash 
angles on the two sides of the horizontal tail was about 
6° greater with the propeller operating at a torque 
coefficient of 0.036 than with the propeller removed. 

The change in the difference between the average downwash 
angles on the two sides of the tail per degree change in 
angle of yaw was about 0.8 for the airplane with propeller 
removed. 

2. The difference between the average normal-force 
coefficients on the two sides of the horizontal tail per 
degree difference in the average downwash angle was about 
0,02, 

3. The results of the tests showed that the most 
important factor contributing to the magnitude of the 
tail-load asymmetry will be the angle of yaw developed 
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during a pull-up at high speed and with single-rotating 
right-hand propellers will be most severe when the air- 
plane yaws in a negative direction. 

4. The net asymmetry of the tail load calculated 
for a typical high-speed dive (a speed of 550 mph) due 
to both propeller operation and yaw was -1400 pounds 
when the airplane was yawed in a negative direction 
(right wing forward) and was 350 pounds when the air- 
plane was yawed in a positive direction. 

5. The magnitude of the tail-load asymmetry for 
unaccelerated flight at high lift coefficients was suf- 
ficiently small to be unimportant • 

6. The asymmetry in the tail load was essentially 
independent of the elevator setting or the magnitude of 
the tail load. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics , 
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Figure 4.- Variation of 9 and v/nD with for the constant-speed 

propeller and the propeller operating at constant "blade 
angle. Rated power at 10,000 feet altitude. 




Figure 5.- Variation of T c and Q c with C L for the constant-speed 

propeller and the propeller operating at constant blade 
angle. Rated power at 10,000 feet altitude. 
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Figure 6.- Lift curves for the P-40K airplane with the propeller 

removed and operating at rated power at 10,000 feet 
altitude. Flaps retracted; i t , 2.0°; 6 e , -0.4°. 
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Figure 14.- Spanwise variation of tail normal-force coefficient. 
Propeller removed} \J/, 0°. 
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Figure 15.- Spanwise variation of tail normal-force coefficient. 
Propeller removed; \|/, 5°. 
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Figure 16.- Spanwise variation of tail normal-force coefficient. 
Propeller removed; ty, 10°. 
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Figure 17.- 3panvri.se variation of tail normal- 
force coefficient. Hated power} 

W, 0°. 
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Figure 18.- Spaawlee variation of tail normal-force coefficient. 
Bated power; >(;, 5°. 
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Figure 19.- Spanwise variation of tail normal-f crce coefficient. 
Rated power j 10°. 
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Figure 20.- Spanwise variation of tail normal-force coefficient. 
Hated power", -10°. 
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Figure 21.- Spanwise variation of tail normal-force coefficient. 
Rated power; n, 9.02; C T , 0.820, 
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Figure 21.- Concluded. 
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figure 22.- Variation of c n , c, and q/q across the horizontal tail span, -f , 0°; C T , 0.066; * 
6 e , -0.4 ; propeller removed; run 1. 
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Figure 23.- Variation of c n , *, and q/q 0 across the horizontal tail span. $ 0°; C L , 0,820; 
6 e , -1.0 ; propeller removed; run 3. 
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Figure 24.- Variation of c n , e, and qja across the horizontal tail span, 
ijf, 0 ; C L , 0.066; 5 e , -0.4°; V./nD, 1.70; 3,35°; run 10. 
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figure 25.- Variation of c n , e, and q/q across the horizontal tail s^n- 
\|/, 0°; C L , 0.820; 6 e , -1.0°T v/nD, 0.9S; 3,35°; ran 17. * , 
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figure 26.- Variation of c n , e, and h/- 0 across the horizontal toil span. 5°; Gfc, 0.820; 

S e , -1.0°; V/nD, 0*y&; Si 35°; run 30. 
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Figure 27.- Variation of c n , e, and 4/q Q across the horizontal tail span. \}/,10 0 ; 
C- if '.0-830; 8 e , -1.0°; 7/nD, 0.99; S, 35°J run 42. 
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Figure 28.- Variation of c n ,e, and q/q 0 across the horizontal tail 
span, ty, -10°; C L v 0.820; 5 g , -1.0°; v/nD, 0.99; 8,35°; 

run 52. 
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Figure £9- — Dynamic - pressure f^/yj contours and inc/ination of the air stream in a 

serf tea/ p/ar?e 7. 25 fee/ forward of the e/erator hinye //ne , measured 
a/ong thrust or/s Vectors show angu/ar deftat/on of oir ftou from the free - 
stream d/rec//on V/eut /ooking fonuard. Frope/kr removed. Tun /; P L ,0.O&(>, ?f 0* 
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Figure 3J .-Dynamic -pressure f^/q 0 ) contours and inc/inat/on of the a/r stream m a vert/cat p/ane J. 25 feet 
forward of the e/evator h/nge //ne , measure & a/ong thrust oris, /eetors show angu/ar 
devi at/on of a/r f/o/v from free- stream cf /recti On . /iew /ook/ng forward. Propet/er 
operatmg . Pun /0; C L) 0.066 ; J>, 0 ; tynD , / JO . 
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Figure 3ZrDynamic - pressure {?/y o J contours and inclination of the air stream in a vertical plane J£5 feet 
fortvard of the elevator hinye tine , measured atony thrust axis . factors show 
anyu/ar deviation of air ffotv from free -stream direction. Mew Zoo/ring forward. 
Propeller operating . Pun lj> Q t 0 8Z0; ^,0°; tynD , 0.99. 
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figure 33 -Dynamic -pressure (?/%) contours and in c/i nation of the a/r stream /n a rertica/ plane %25 
feet forward of the e/erator hinye tine , measured a/ony thrust arts, /ectors show 
anyu/ar deriat/on of air f to* from free - stream direction Ifiew looking forward. 
Propet/er operating Pun 30; C Lf o.820, V>, 5) */nD § 093. 
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— Dynamic -pressure ( 9 /%) contours and ,nclination of the air stream in a vertical p/ane / £S 
feet forward of the elevator hmge fine , measured along thrust oris factors sho* 
angular deviation of air f/o*> from free -stream dree f ion. tie* looting forward 
Propeller operating Pun 43; Q, 0.820; V, tO*, %D , 0.99. 
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Figure 36 -5kerches shotr/ng probable slipstream 
pot tern in yaved f fight. 




sBmIbI : I' r ul~ [ t~ " 1 ! • r H 



I 



i 



•: ! 



HACA 



Fig. 39 




Figure 39.- Load asymmetry measured j%t several yaw angles fcr 

various lift coefficients wi'lh the- propeller re- 
moved. H, 10,000 feet. 
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Figure kO - Load asymmetry laeasursd at several yaw angles for 
various steady -flight conditions. H, 10,000 fast. 
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^iguro 41.- Effect of yaw and power on the load asym- 
metry measured for steady-flight conditions. 
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Figure 42.- 



Effect of elevator setting on tail 
locad asymmetry during pull-up. 



